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TITLE OF THE INVENTION

LOCATION MANAGING METHOD FOR MANAGING
LOCATION OF MOBILE STATION IN MOBILE
WIRELESS PACKET COMMUNICATION SYSTEM AND
MOBILE WIRELESS PACKET COMMUNICATION
SYSTEM

BACKGROUND OF THE INVENTION
This application claims the benefit of a
Japanese Patent Application No0.11-375799 filed
December 28, 1999, in the Japanese Patent Office,
the disclosure of which is hereby incorporated by
reference.
1. Field of the Invention

~ The present invention generally relates to
location managing methods for managing locations of
mobile stations in mobile wireless packet
communication systems and mobile wireless packet
communication systems, and more particularly to a
location managing method which hierarchically
manages located cell information and registered
location information of mobile stations in a mobile
wireless packet communication system, and to a
mobile wireless packet communication system which

employs such a location managing method.
2. Description of the Related Art

In conventional mobile wireless packet
communication systems, a home location register
{HLR) manages location information which indicates a
cell of a base station in which each of mobile
stations are located, and a route for a packet
addressed to each mobile station is determined based
on this location information. In other words, the
location information such as located cell
information of the mobile stations is centrally
managed by the HLR.

However, in such wireless packet
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communication systems, the routes of the packets
addressed to and sent to the mobile stations are
searched for each of the users (transmitting
destinations). For this reason, when the location
information is centrally managed by the HLR as
described above, the load on the HLR when searching
the routes increases as the number of users
increases and the traffic increases.

In addition, when the location information
is updated during a handover of the mobile station,
the load on the HLR when updating the location
information also increases as the number of users
increases and the moving frequency of the mobile
station increases.

Furthermore, because the location
information of the mobile station must be read from
the HLR, a delay is generated in the route searching
due to the increase of the data traffic and the
increased size of a routing table which result from
the increase of constant connection type users.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the
present invention to provide a novel and useful
location managing method for managing a location of
a mobile station in a mobile wireless packet
communication system, and a moblle wireless packet

communication system, in which the problems
described above are eliminated.

More particularly, a first object of the
present invention is to provide a location managing
method for managing a location of a mobile station
in a mobile wireless packet communication system,
which can reduce a processing load when searching
routes of mobile stations and updating location
information.

Further, a second object of the present
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invention 1s to provide a mobile wireless packet
communication system which is applied with the above
described location managing method for managing the
location of the mobile station.

Still another object of the present
invention is to provide a location managing method
for managing a location of a mobile station in a
mobile wireless packet communication system in which
each of communication nodes down to base stations
have a hierarchical structure, wherein a route from
a communication node positioned at a highest layer
of the hierarchical structure to a base station of a
cell in which the mobile station is located, is
managed as location information of the mobile
station, by being distributed to the communication
node located at the highest layer of the
hierarchical structure and to each of communication
nodes in the route to the base station. According
to this location managing method for managing the
location of the mobile station, when the mobile
station moves to another cell of another base
station, only communication nodes in a differing
route portion between the route to the base station
of the cell in which the mobile station was located
before the move and the route to the other base
station of the other cell to which the mobile
station moves need to modify route management with
respect to the moblle station, because the route
from the communication node positioned at the
highest layer of the hierarchical structure to the
base station of the cell in which the mobile station
is located is managed as the location information of
the mobile station by being distributed to the
communication node located at the highest layer of
the hierarchical structure and to each of
communication nodes in the route to the base station.
Therefore, the first object described above is
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From the point of view of providing a
particular distributed management, in the location
managing method for managing the locatlion of the
mobile station, each of the communication nodes may
manage a portion of the route from the communication
node positioned at the highest layer of the
hierarchical structure to the base station of the
cell in which the mobile station is located, in
correspondence with the mobile station.

From the point of view of providing a
simpler management, in the location managing method
for managing the location of the mobile station,
each of the communication nodes may manage a
communication node positioned in an immediately
lower layer and the mobile station in correspondence
with each other. According to this location
managing method for managing the location of the
mobile station, only the route portion between each
communication node and the communication node
positioned in the immediately lower layer is managed
by each communication node.

In order to carry out the route management
at each of the communication nodes when the mobile
station moves between cells, in the location
managing method for managing the location of the
mobile station, when the mobile station moves to an
other cell of an other base station, of each of
communication nodes positioned in layers higher than
that of the other base station of the other cell, a
communication node which does not manage a portion
of a route to the other base station of the other
cell may newly manage the portion of the route in
correspondence with the mobile station. According
to this location managing method for managing the
location of the mobile station, of each of the
communication nodes positioned in layers higher than



e

e

e
e

io

15

20

25

30

35

-5-

that of the other base station of the other cell,
the communication node which does not manage the
portion of the route to the other base station of
the other cell newly manages the portion of the
route in correspondence with the mobile station. In
this case, no new route management is carried out in
the communication node which already manages the
portion of the route to the other base station of
the other cell.

In order to minimize the communication
traffic, in the location managing method for
managing the location of the mobile station, the
mobile wireless communication system may make the
paging with respect to the mobile station from a
plurality of base stations under control of a
predetermined communicatioh node, and when the
mobile station in a reception waiting state moves
between cells of the plurality of base stations,
managing contents need not be modified in each of
communication nodes positioned in layers higher than
that of the base station of the cell to which the
moblile station moves. According to this location
managing method for managing the location of the
mobile station, when the mobile station moves among
the plurality of base stations which make the paging,
the management contents at each of the communication
nodes are not modified even when the route of the
communication nodes changes due to the move. For
this reason, no communication is made among each of
the communication nodes due to the modification of
the management contents. In this case, when the
paging is made with respect to the mobile station,
it is sufficient to modify the management in each of
the communication nodes position in the layers
higher than that of the base station which actually
communicates with the mobile station, for example.

A further object of the present invention
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is to provide a mobile wireless packet communication
system wherein each of communlication nodes to a base
station form a hierarchical structure, a route from
a communication node positioned at a highest layer
of the hierarchical structure to a base station of a
cell in which a mobile station is located, is
managed as location information of the mobile
station, by being distributed to the communication
node located@ at the highest layer of the
hierarchical structure and to each of communication
nodes in the route to the base station, and a packet
addressed to the mobile station 1s successively
transferred from the communication node in the
highest layer to the base station depending on the
route which is distributedly managed, so as to
transfer the packet from the base station to the
mobile station by a wireless communication.
According to the mobile wireless packet
communication system of the present invention, it is
possible to achieve the second object described
above.

In the moblle wireless packet
communication system, each of the communication
nodes may be provided with a routing table which
manages a portion of the route from the
communication node positioned at the highest layer
of the hierarchical structure to the base station of
the cell in which the mobile station is located, in
correspondence with the mobile station.

In the mobile wireless packet
communication system, the routing table provided in
each of the communication nodes may manage a
communication node positioned in an immediately
lower layer and the mobile station in correspondence
with each other.

Furthermore, in the mobile wireless packet
communication system, when the mobile station moves
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to an other cell of an other base station, of each
of communication nodes positioned in layers higher
than that of the other base station of the other
cell, a communication node which is provided with a
routing table which does not manage a portion of a
route to the other base station of the other cell
may update the routing table so as to newly manage
the portion of the route in correspondence with the
mobile station.

In the mobile wireless packet
communication system, a plurality of base stations
under control of a predetermined communication mnode
may make the paging with respect to the mobile
station, and when the mobile station in a reception
waiting state moves between cells of the plurality
of base stations, the routing table need not be
updated in each of communication nodes positioned in
layers higher than that of the base station of the
cell to which the mobile station moves.

In order to prevent the packet addressed
to the mobile station which assumes a communication
state from being transferred to the base station of
the cell in which the mobile station was located
before the move when the mobile station moves to
another cell, in the mobile wireless packet
communication system, when the mobile station which
assumes a communication state with the base station
moves to another cell of another base station, each
of communication nodes in a route from a common
communication node which is common to a route to the
base station of the cell in which the mobile station
was located before the move and a new route to the
other base station of the other cell to the base
station of the cell in which the mobile station was
located before the move may delete from a routing
table thereof management information of a route
portion from the common communication node to the
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base station of the cell in which the mobile station
was located before the move.

In addition, in order to positively
transfer the packet addressed to the mobile station
and already transferred to the mobile station to the
communication node in the original route to the base
station before the move at the time when the
management of the new route to the other station of
the other cell to which the mobile station moves
starts, in the mobile wireless packet communication
system, each of communication nodes positioned in
layers lower than the common communication node and
in the route from the common communication node to
the base station of the cell before the node, may
return the packet addressed to the mobile station to
the common communication node. In this mobile
wireless packet communication system, the packet
addressed to the mobile station is returned to the
common communication node, and thus, the packet can
successively be transferred to the mobile station
via the new route from the common communication node.

Other objects and further features of the
present invention will be apparent from the
following detailed description when read in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a structure of
a mobile wireless packet communication system which
is applied with an embodiment of a location managing
method for managing location of moblle station
according to the present invention;

FIG. 2 1is a diagram showing an embodiment
of location information employed in the mobile
wireless packet communication system shown in FIG.
1;

FIG. 3 is a sequential diagram showing a
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procedure when a mobile station makes an initial
location registration;

FIG. 4 1s a diagram showing an embodiment
of a routing table of a GPTE;

FIG. 5 is a diagram showing an embodiment
of a routing table of a H-PTE;

FIG. 6 is a diagram showing an embodiment
of a routing table of a L-PTE;

FIG. 7 is a diagram showing a routing
table of a base station:

FIG. 8 is a diagram showing a move of the
mobile station in the mobile wireless packet
communication system; _

FIG. 9 is a sequence diagram showing a
first embodiment of a procedure for updating
location registration of the mobile station;

FIG. 10 is a sequence diagram showing a
second embodiment of the procedure for updating
location registration of the moblile station; and

FIG. 11 is a sequence diagram showing a
third embodiment of the procedure for updating
location registration of the mobile station.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A description will hereinafter be given of
embodiments of the present invention by referring to
the drawings.

An embodiment of a mobile wireless packet
communication system according to the present
invention is constructed as shown in FIG. 1, for
example. This mobile wireless packet communication
system has a network structure and a cell structure
such that a hierarchical location registration is
made.

In FIG, 1, a gateway packet transmission
equipment (GPTE) 100 which forms a gateway connected
to other networks such as LAN/WAN and
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Internet/Intranet, is defined as a first layer L1.
The GPTE 100 is connected to high-layer packet
transmission equipments (H-~-PTEs} 110 and 120 which
are positioned in a lower layer, that is, a second
layer L2. The GPTE 100 has a routing function for
transferring packets to the H-PTEs 110 and 120. The
H-PTE 110 which is positioned in the second layer L2
is connected to low-layer packet transmission
equipments (L-PTEs) 111, 112 and 113 which are
positioned in a lower layer, that is, a third layer
L3. On the other hand, the H-PTE 120 which is
positioned in the second layer L2 is connected to
other L-PTEs 121, 122 and 123 which are positioned
in the lower third layer L3. The H-PTEs 110 and 120
are defined as nodes having a routing function for
transferring packets to the L-PTEs 111, 112 and 113
and the L-PTEs 121, 122 and 123, respectively.

Each of the L-PTEs 111, 112, 113, 121, 122
and 123 positioned in the third layer L3 is
connected to a plurality of base stations positioned
in a lower layer, that is, a fourth layer L4, and is
defined as a node having a paging function and a
routing function for transferring packets to the
base stations. Each base station positioned in the
fourth layer L4 transfers the packets to mobile
stations which are located within cells indicated by
circular marks in FIG. 1. Each of paging areas El1l,
El12, E13, E21, E22 and E23 is a collection of cells
corresponding to a plurality of base stations which
belong to a corresponding one of the L-PTEs 111, 112,
113, 121, 122 and 123. When a mobile station is
called, a paging is made from all of the base
stations within the paging area which includes the
cell in which ‘this mobile station is located.

In a down-transmission, a route is
searched based on a routing table provided in each
of the communicatlion nodes, and the packets are
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successively transferred from the communication node
in the higher layer to the communication node in the
lower layer according to this route. On the other
hand, in an up-transmission from the mobile station,
each communication node does not search the route
because the destination of the packets is uniquely
determined at each communication node, and each
communication node transfers the packets to the
connected communication node in the higher layer.

In the mobile wireless packet
communication system in which each of the
communication nodes are hierarchically connected as
described above, location information which
indicates the base station of the cell in which the
mobile station is located, is formed as follows. As
shown in FIG. 2, a node number which is peculiar to
each communication node 1s assigned in each layer of
the hierarchical structure, and the location
information is formed by ordering the node numbers
assigned to each of the communication nodes in the
higher layers starting from the base station of the
cell in which the mobile station is located, as
(GPTE node number)}-(H-PTE node number)-(L-PTE node
number), for example. The location information of
the mobile station located in the cell of a base
station BS1 under control of a L-PTEl is represented
by (1-1-1-1); the location information of the mobile
station located in the cell of a base station BS7
under control of the L-PTEl is represented by {(1-1-
1-7), and the location information of the mobile
station located in the cell of the base station BS1l
under control of a L-PTE2 is represented by (1-1-2-
1), for example.

Next, a description will be given of a
location registration of the mobile station,
updating of the location registration, and a
location management of the mobile station.
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In this embodiment, the mobile station is
capable of assumed one of two states, namely, a
standby state and an active state. In the standby
state, the mobile station is not communicating and
is in a reception waiting state. On the other hand,
in the active state, the mobile station is actually
communicating, that is, transmitting and receiving
the packets. The mobile station is switched from
the standby state to the active state when starting
a communication from the mobile station and when the
mobile station is called and the packets are
transmitted thereto. The mobile station is switched
from the active state to the standby state when a
session is released.

Each base station transmits within the
cell, as broadcast control information, a base
station number and communication node numbers (L-PTE
node number, H-PTE node number, GPTE node number) of
each of the communication nodes in each of the
higher layers connected to the base station. When
the power of the mobile station located in the cell
of a certain base station is turned ON and
accordingly assumes the standby state, an initial
location registration process is carried out. This
initial location registration process is carried out
according to a procedure shown in FIG. 3.

In FIG. 3, a mobile station MS transmits a
location registration request signal with respect to
a base station BS of a cell in which the mobile
station MS is located. The location registration
request signal includes an address for specifying
the mobile station MS. The base station BS which
receives the location registration request signal
further transmits the location registration request
signal to the communication nodes in the higher
layers. Hence, the location registration request
signal 1s successively transferred from the base
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station BS to each of the communication nodes L-PTE,
H-PTE and GPTE in the higher layers connected to the
base station BS, in this order. As a result, the
address of the mobile station MS is notified to each

5 of the communication nodes L-PTE, H-PTE and GPTE in
the higher layers.

At each of the base station BS and the
communication nodes L-PTE, H-PTE and GPTE which are
successively notified of the address of the mobile

10 station MS, the notified address of the mobile
station MS 1s registered in a routing table thereof.
Similarly, the address of each mobile station
located in the cell of each base station is
successively notified to the communication nodes in

15 each of the layers, and the routing table in each of
the communication nodes becomes as shown in FIGS. 4
through 7, for example.

FIG. 4 shows the routing table in the
communication node GPTE positioned in the first

20 layer L1, and FIG. 5 shows the routing table in the
communication node H-PTE positioned in the second
layer L2. FIG. 6 shows the routing table in the
communication node L-PTE positioned in the third
layer L3. FIG. 7 shows the routing table in the

25 communication node, that is, the base station BS,
positioned in the fourth layer L4. Accordingly, the
address (user address) of each mobile station MS
which is notified in the above described manner is
registered in the routing table of each of the

30 communication nodes GPTE, H-PTE and L-PTE in the
higher layers connected to each base station BS. In
addition, in the routing table of each of the
communication nodes GPTE, H-PTE and L-PTE, a
communication node which is positioned in the route

35 to the mobile station MS and in an immediately lower
layer is registered as a packet transfer destination,
in correspondence with the address of the mobile
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station MS, as shown in FIGS. 4 through 6.

Similarly., the address (user address) of
each mobile station MS which is notified in the
above described manner is registered in the routing
table of each base station BS. Further, in the
routing table of each base station BS, a channel
which is to be used for the communication with
respect to the mobile station MS is registered as a
using channel, in correspondence with the address of
the mobile station MS, as shown in FIG. 7.

The communication nodes in each of the
layers of the hierarchical structure carries out the
location management of each of the mobile stations
MS based on the routing tables described above. 1In
other words, the location of each mobile station MS
is managed in correspondence with a communication
node in an ilmmediately lower layer to which the
packets are to be transferred.

The base station BS which receives the
location registration request signal from the mobile
station MS transmits a location registration
response signal with respect to the mobile station
MS. This location registration response signal
includes location information which is formed by the
node numbers of each of the communication nodes in
the higher layers connected to the base station BS.
The mobile station MS stores therein the location
information which is received from the base station
BS.

Next, a description will be given of a
location registration updating process which is
carried out when the location registered mobile
station moves, so as to update the routing table
shown in FIGS. 4 through 7 at each of the
communication nodes.

When a mobile station MS1 in a standby
state moves between the cells within a paging area
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Ell shown in FIG. 8, that 1s, moves between the
cells of the base stations which are under control
of the same L-PTE 111, for example, the mobile
station MS1 does not transmit a location
registration update request signal with respect to
the base station of the cell to which the mobile
station MS1 moves, in order to reduce a
communication traffic for the location registration
updating process.

More particularly, the mobile station MS1
compares the registered location information stored
therein and the node numbers of each of the
communication nodes in the higher layers connected
to the base station of the cell to which the mobile
station MS1 moves, which node numbers are included
in the broadcast control information received from
the base station of the cell to which the mobile
station MS1 moves. When the L-PTE node numberxr
included in the location information matches the L-
PTE node number of the L-PTE 111 positioned in the
layer higher than that of the base station of the
cell to which the mobile station MS1 moves, the
mobile station MS1l does not transmit a location
registration update request signal with respect to
the base station of the cell to which the mobile
station MS1 moves. For this reason, while the
mobile station MS1 moves within the same paging area
Ell, the routing table of each of the communication
nodes L-PTE 111, H-PTE 110 and GPTE 100 is not
updated.

Next, when a mobile station MS2 in the
standby state moves between different paging areas
E12 and E13 corresponding to the L-PTEs 112 and 113
which are under the control of the same H-PTE 110 as
shown in FIG. 8, the location registration updating
process is carried out according to a procedure
shown in FIG. 9.-
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In FIG. 9, the mobile station MS2 compares
the registered location information stored therein
and the node numbers of each of the communication
nodes in the higher layers connected to the base
station BS of the cell to which the mobile station
MS2 moves, which node numbers are included in the
broadcast control information received from the base
station BS of the cell to which the mobile station
MS2 moves. When a change in the L-PTE node number
included in the location information is detected
from the comparison with the node numbers of each of
the L-PTE 113, H-PTE 110 and GPTE 100 positioned in
the layers higher than that of the base station BS
of the cell to which the mobile station MS2 moves,
the mobile station MS2 transmits a location
registration update request signal with respect to
the base station BS of the cell to which the mobile
station MS2 moves. The location registration update
request signal requests the updating of the routing
table at each of the communication nodes as the
mobile station MS2 moves. By transmitting the
location information stored in the mobile station
MS2 together with the locatlion registration update
request signal, the base station BS of the cell to
which the mobile station MS2 moves is notified of
the cell (paging area) from which the mobile station
MS2 moved.

The base station BS which receives the
location registration update request signal confirms
that the mobile station MS2 has moved from another
paging area E12 corresponding to the L-PTE 112,
based on the location information included in the
location registration updated request signal.
Thereafter, the base station BS registers in the
routing table thereof the address of the mobile
station MS2, and also transmits the location
registration update request signal with respect to
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the L-PTE 113 in the higher layer in order to notify
the move of the existing mobile station MS2 to the
L-PTE 113. The L-PTE 113 which receives the
location registration update request signal
registers in the routing table thereof the address
of the mobile station MS2, and also registers the
base station BS in the lower layer as a packet
transfer destination in correspondence with the
address of the mobile station MS2. Then, the L-PTE
113 transmits the location registration update
request signal to the H-PTE 110 in the higher layer.
The H-PTE 110 recognizes that the L-PTE
corresponding to the paging area in which the mobile
station MS2 is located has changed from the L-PTE
112 to the L-PTE 113, based on the location
registration updated request signal which is
received from the L-PTE 113 in the lower layer.
Hence, the H-PTE 110 updates the packet transfer
destination corresponding to the address of the
mobile station MS2 from the L-PTE 112 (L-PTE2) to
the L-PTE 113 (L-PTE3).

Because the mobile station MS2 moves
within the paglng areas corresponding to the L-PTEs
which are under control of the same H-PTE 110, the
H-PTE 110 in this case does not transmit a location
registration update request signal to the GPTE 100
in the higher layer. As a result, the routing table
of the GPTE 100 is not updated.

The base station BS of the cell to which
the mobile station MS receives the location
registration update request signal from the mobile
station MS2, and transmits a location registration
update response signal including the location
information to the mobile station MS2. Moreover,
the mobile station MS2 which receives the location
registration update response signal updates the
registered location information stored therein to
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the location information included in the location
registration update response signal.

When a mobile station MS3 in the standby
state moves between different paging areas E13 and
E21 corresponding to the H-PTEs 110 and 120 which
are under the control of the same GPTE 100 as shown
in FIG. 8, the location registration updating
process is carried out according to a procedure
shown in FIG. 10.

In FIG. 10, the procedure is basically
similar to the procedure for the case where the
mobile station MS2 moves between the different
paging areas E12 and E13 corresponding to the L-PTEs
112 and 113 which are under the control of the same
H-PTE 110 as shown in FIG. 8.

In other words, the mobile station MS3
recognizes the H-PTE 120 which is different from the
H-PTE 110 before the move, based on the location
information stored in the mobile station MS3 and the
node numbers of each of the communication nodes
included in the broadcast control information which
is received from the base station BS of the cell to
which the mobile station MS3 moves, and transmits a
location registration update request signal with
respect to the base station BS of the cell to which
the mobile station MS3 moves. The location
registration update request signal is successively
transferred from the base station BS of the cell to
which the mobile station MS3 moves to each of the L-
PTE 121, the H-PTE 120 and the GPTE 100 in the
higher layers. In each of the L-PTE 121 and the H-
PTE 120, the address of the mobile station MS3 is
registered in the routing table thereof, and in
addition, the communication node in the lower layer
is registered as the packet transfer destination in
correspondence with the address of the mobile
station MS3. 1In addition, The GPTE 100 positiomned
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in the highest first layer L1l recognizes from the
location registration update request signal which is
received from the H-PTE 120 in the lower layer that
the H-PTE corresponding to the paging area in which
the mobile station MS3 is located has changed from
the H-PTE 110 to the H-PTE 120. Hence, the GPTE 100
updates the packet transfer destination
corresponding to the address of the mobile station
MS3 from the H-PTE 110 (H-PTEl) to the H-PTE 120 (H-
PTE2).

In this case, after transmitting the
locatlion registration update request signal, the
mobile station MS3 updates the location information
stored therein based on the location registration
update response signal which is received from the
base station BS of the cell to which the mobile
station MS3 moves.

On the other hand, when the mobile station
MS in the active state moves within the
communication service area, the location
registration updating process 1is carried out in the
following manner.

As described above, when the mobile
station MS in the standby state moves between the
cells within the paging area corresponding to the
same L-PTE, no location registration updating
process is carried out. But when the mobile station
MS in the active state moves between the cells
within the paging area corresponding to the same L-
PTE, the location registration updating process is
carried out. 1In this case, the location
registration updating process is carried out
according to a procedure shown in FIG. 11, for
example.

For example, it is assumed for the sake of
convenience that the mobile station MS enters the
cell of the base station BS2 while in the active
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state, that is, communicating with the base station
BS1 within the paging area E11. In this case, the
mobile station MS detects a change in the located
cell in which the mobile station MS is located,
based on the broadcast control information from the
base station BS2. Hence, the mobile station MS
transmits a location registration update request
signal with respect to the base station BS2. The
base station BS2 registers in the routing table
thereof the address of the mobile station MS, and
transmits the location registration update request
signal to the L-PTE in the higher layer. The L-PTE
which receives the location registration update
request signal from the base station BS2 detects
that the move of the mobile station MS is within the
paging area Ell corresponding to this L-PTE, based
on the location information before the mobile
station MS moves between the cells. Based on the
result of this detection, the L-PTE does not
transmit a location registration update request
signal to the communication nodes positioned in the
layers higher than that of the L-PTE.

As a result, in the routing table of the
L-PTE, the packet transfer destination corresponding
to the address of the mobile station MS is updated
from the base station BS1 to the base station BS2 of
the cell to which the mobile station MS moves. In
addition, since no location registration update
request signal is transmitted to the communication
nodes which are positioned in the layers higher than
that of the L-PTE, the routing table is not updated
in each of the H-PTE and the GPTE in the higher
layers.

The base station BS2 which updates the
routing table thereof based on the location
registration update request signal received from the
mobile station MS transmits a location registration
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update response signal including the location
information to the mobile station MS. Hence, the
mobile station MS updates the location information
stored therein to the new location information
included in the location registration update
response signal which is received from the base
station BS2.

When the routing tables in the base
station BS2 of the cell to which the mobile station
MS moves and the L-PTE in the layer higher than that
of the base station BS2 as described above, the
packets addressed to the mobile station MS are
transferred to the communication nodes in the lower
layers based on the routing table of each of the
communication nodes. Consequently, the packets
addressed to the mobile station MS are finally
transferred to the mobile station MS from the base
station BS2 of the cell to which the mobile station
MS moves.

While the above location registration
updating process 1s belng carried out, in some
situations, the packets addressed to the mobile
station MS may be transferred to the base station
BS1 of the cell in which the mobile station MS was
located before the move. In order to cope with such
situations, the L-PTE which updated the routing
table thereof and becomes the communication node in
the highest layer, transmits a packet transfer
request signal to the base station BS1 of the cell
in which the mobile station MS was located before
the move. This packet transfer request signal
includes a destination, that is, the address of the
mobile station MS, to which the packets are to be
transferred. -The base station BS1 which receives
the packet transfer request signal deletes the
address of the mobile station MS from the routing
table of the base station BS1.
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If the packets addressed to the specified
destination exist, the base station BS1l transfers
the packets to the L-PTE. As a result, after the
above described location registration updating

5 process ends, the packets addressed to the mobile
station MS are again transferred from the L-PTE to
the base station BS2 of the cell to which the mobile
station MS moves, based on the updated routing table.
By such a re-transfer of the packets, it is possible

10 to prevent loss of the packets.

In addition, in a case where the mobile
station MS in the active state moves between the
paging areas corresponding to different L-PTEs which
are under the control of the same H-PTE, the

15 location registration updating process is basically
carried out similarly to the procedure described
above in conjunction with FIG. 11. In this case,
the location registration update request signal from
the mobile station MS is successively transferred

20 from the base station BS of the cell to which the
mobile station MS moves to the H-PTE via the L-PTEs,
and the routing table of each of the communication
nodes, that is, each of the L-PTEs in the route to
the H-PTE is updated accordingly.

25 Then, a packet transfer request signal is
transmitted from the H-PTE to the base station BS of
the cell in which the mobile station MS was located
before the move. As a result, when the packets
addressed to the mobile station MS arrive at the

30 base station BS of the cell in which the mobile
station MS was located before the move, the packets
are transferred from this base station BS to the H-
PTE which becomes a common communication node which
is common to the route reaching the base station BS

35 of the cell in which the mobile station MS was
located before the move and the route reaching the
base station BS of the cell to which the mobile



io

15

20

25

30

35

e e T e A e,

-23-

station MS moved.

Furthermore, in a case where the mobile
station MS in the active state moves between the
paging areas corresponding to different H-PTEs which
are under the control of the same GPTE, the location
registration updating process is basically carried
out similarly to the procedure described above in
conjunction with FIG. 11. In this case, the
location registration update request signal from the
mobile station MS is successively transferred from
the base station BS of the cell to which the mobile
station MS moves to the GPTE, and the routing table
of each of the communication nodes in the route to
the GPTE is updated.

Then, a packet transfer request signal is
transmitted from the GPTE to the base station BS of
the cell in which the mobile station MS was located
before the move. As a result, when the packets
addressed to the mobile station MS arrive at the
base station BS of the cell in which the mobile
station MS was located before the move, this base
station BS transfers the packets to the GPTE which
becomes a common communication node which is common
to the route reaching the base station BS of the
cell in which the mobile station MS was located
before the move and the route reaching the base
station BS of the cell to which the mobile station
MS moved.

According to the above described location
managing method for managing the location of the
mobile station in the mobile wireless packet
communication system, the communication nodes are
hierarchically arranged down to the base stations.
At each communication node, the routing table
manages the address of the mobile station in
correspondence with the communication ncde in the
lower layer to which- the packets are to be
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transferred, so that the location management of the
mobile stations can be carried out distributedly.

In addition, when transferring the packets to the
mobile station from a certain communication node, it
is only necessary to search the route to the
communication nodes in the layers lower than this
certain communication node, thereby facilitating the
search for the route.

Furthermore, unless the move of the mobile
station changes the communication nodes in the
higher layers, the location registration updating
process need only be made in the communication nodes
in the lower layers. Therefore, it is possible to
reduce the communication traffic which would
otherwise be necessary to carry out the location
registration updating process in the communication
nodes positioned in the higher layers.

In this embodiment, the mobile wireless
packet communication system has a network structure
with four layers, as shown in FIGS. 1 and 8.
However, the number of layers of the network
structure is of course not limited to four. For
example, it is possible to provide a layer of
middle-layer packet transmission equipments (M-PTEs)
between the layer of the L-PTE and the layer of the
H-PTE. In this case, the M-PTE is defined as a
communication node having a routing function when
transferring the packets to the communication nodes
in the lower layer, that is, the L-PTEs, similarly
as in the case of the M-PTE and the H-PTE.

It is possible to set the paging area for
each mobile station, depending on what the mobile
station treats as the broadcast control information,
that is, which node number within the broadcast
control information is referred to by the mobile
station. In the above described embodiment, the
range of all of the base stations under the control
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of the L-PTE is basically the paging area. However,
when the called frequency is small and the mobile
station moves over a wide moving range, the node
number which is referred to may be changed to the
node number of the communication nodes in the higher
layers to set a paging area which has a wide range.
For example, the node number which is referred to
may be changed to the node number of the H-PTE or
the GPTE. 1In this case, the H-PTE or the GPTE will
require a paging function.

In the above described embodiment, the
routing information and the registered location
information are controlled in the network having the
hierarchical structure in which the communication
nodes are connected hierarchically. However, even
in the case of a planar network in which the
communication nodes are connected in a mesh, for
example, the control of the routing information and
the registered location information may similarly be
applied, so as to logically carry out a hierarchical
management.

As described above, according to the
present invention, the processing load on each of
the communication nodes when searching the routes of
the mobile station is relatively small, because of
the distributed management which is carried out. 1In
addition, when the mobile station moves to a cell of
another base station, the process to change the
routing management with respect to the mobile
station only needs to be carried out in the
communication nodes in the differing route portion
between the route portion reaching the base station
of the cell in which the mobile station was located
before the move and the route reaching the base
station of the cell to which the mobile station
moved. Accordingly, the processing load when
updating the location information of the mobile
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station is reduced. 1In addition, according to the
present invention, it is possible to provide a
mobile wireless packet communication system which is
applied with the location managing method for
managing the location of the moblle station
described above.

Further, the present invention is not
limited to these embodiments, but various wvariations
and modifications may be made without departing from
the scope of the present invention.
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WHAT IS CLAIMED IS

l. A location managing method for
managing a location of a mobile station in a mobile
wireless packet communication system in which each
of communication nodes down to a base station have a
hierarchical structure, wherein:

a route from a communication node positioned at
a highest layer of the hierarchical structure to a
base station of a cell in which a mobile station is
located, is managed as location information of the
moblile station, by being distributed to the
communication node located at the highest layer of
the hierarchical structure and to each of
communication nodes in the route to the base station.

2. The location managing method for
managing the location of the mobile station as
claimed in claim 1, wherein:

each of the communication nodes manages a
portion of the route from the communication node
positioned at the highest layer of the hierarchical
structure to the base station of the cell in which
the mobile station is located, in correspondence
with the mobile station.

3. The location managing method for
managing the location of the mobile station as
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claimed in claim 2, wherein:

each of the communication nodes manages a
communication node positioned in an immediately
lower layer and the mobile station in correspondence
with each other.

4, The location managing method for
managing the location of the mobile station as
claimed in claim 2, wherein:

when the mobile station moves to an other cell

of an other base station, of each of communication
nodes positioned in layers higher than that of the
other base station of the other cell, a
communication node which does not manage a portion
of a route to the other base station of the other
cell newly manages the portion of the route in
correspondence with the mobile station.

5. The location managing method for
managing the location of the mobile station as
claimed in claim 4, wherein:

the mobile wireless communication system makes
a paging with respect to the moblle station from a
prlurality of base stations under control of a
predetermined communication node, and

when the mobile station in a reception waiting
state moves between cells of the plurality of base
stations, managing contents are not modified in each
of communication nodes positioned in layers higher
than that of the base station of the cell to which
the mobile station moves.
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6. A mobile wireless packet communication

system wherein:

each of communication nodes to a base station
form a hierarchical structure,

a route from a communication node positioned at
a highest layer of the hierarchical structure to a
base station of a cell in which a mobile station is
located, is managed as location information of the
mobile station, by being distributed to the
communication node located at the highest layer of
the hierarchical structure and to each of
communication nodes in the route to the base station,
and

a packet addressed to the mobile station is
successively transferred from the communication node
in the highest layer to the base station depending
on the route which is distributedly managed, so as
to transfer the packet from the base station to the
mobile station by a wireless communication.

7. The mobile wireless packet
communication system as claimed in claim 6, wherein:
each of the communication nodes is provided
with a routing table which manages a portion of the
route from the communication node positioned at the

highest layer of the hierarchical structure to the
base station of the cell in which the mobile station
is located, in correspondence with the mobile
station.

8. The mobile wireless packet
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communication system as claimed in claim 7, wherein:
the routing table provided in each of the
communication nodes manages a communication node
positioned in an immediately lower layer and the
mobile station in correspondence with each other.

9. The mobile wireless packet
communication system as c¢laimed in claim 7, wherein:
when the mobile station moves to an other cell
of an other base station, of each of communication
nodes positioned in layers higher than that of the
other base station of the other cell, a
communication node which is provided with a routing
table which does not manage a portion of a route to
the other base station of the other cell updates the
routing table so as to newly manage the portion of
the route in correspondence with the mobile station.

10. The mobile wireless packet

communication system as claimed in c¢laim 9, wherein:

a plurality of base stations under control of a
predetermined communication node make the paging
with respect to the mobile station, and

when the mobile station in a reception waiting
state moves between cells of the plurality of base
stations, the routing table is not updated in each
of communication nodes positioned in layers higher
than that of the base station of the cell to which
the mobile station moves.
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11. The mobile wireless packet

communication system as claimed in claim 7, wherein:

when the mobile station which assumes a
communication state with the base station moves to
another cell of another base station, each of
communication nodes in a route from a common
communication node which is common to a route to the
base station of the cell in which the mobile station
was located before the move and a new route to the
other base station of the other cell to the base
station of the cell in which the mobile station was
located before the move deletes from a routing table
thereof management information of a route portion
from the common communication node to the base
station of the cell in which the mobile station was
located before the move.

12. The mobile wireless packet
communication system as claimed in claim 11,
wherein:

each of communication nodes positioned in
layers lower than the common communication node and
in the route from the common communication node to
the base station of the cell before the node,
returns the packet addressed to the mobile station
to the common communication node.

13. A location managing method for
managing a location of a mobile station in a mobile
wireless packet communicatlion system in which each
of communication nodes down to a base station have a
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hierarchical structure, comprising the step of:

distributedly managing, as location information
of a mobile station, a route from a communication
node positioned at a highest layer of the
hierarchical structure to a base station of a cell
in which the mobile station is located, in the
communication nodes including a communication node
located at the highest layer of the hierarchical
structure and each of communication nodes in the
route.

14. A moblile wireless packet

communication system wherein:

each of communication nodes to a base station
form a hilerarchical structure,

a route from a communication node positioned at
a highest layer of the hierarchical structure to a
base station of a cell in which a mobile statiomn is
located, 1s distributedly managed as location
information of the mobile station, in the
communication nodes including the communication node
located at the highest layer of the hierarchical
structure and each of communication nodes in the
route, and

a packet addressed to the mobile station is
successively transferred from the communication node
in the highest layer to the hase station depending
on the route which is distributedly managed, so as
to transfer the packet from the base station to the
moblle station by a wireless communication.



» & 2 b

A A

10

15

20

25

30

35

15. A communication node adapted to a

mobile wireless communication system having a
hierarchical structure made up of a plurality of
communication nodes which are hierarchically
connected in a plurality of layers including a
lowest layer in which base stations are provided as
the communication nodes, comprising:

managing means for distributedly managing, as
location information of a mobile station, a route
from a communication node positioned at a highest
layer of the hierarchical structure to one base
station of a cell in which the mobile station is
located, together with all other communication nodes
in the route.

16. The communication node as claimed in
claim 15, further comprising:
transfer means, responsive to the location
information, for transferring a packet addressed to
the mobile station and originating from said one
base station towards the mobile station in said
route by a wireless communication.

17. The communication node as claimed in
claim 15, wherein:
said managing means manages a portion of said
route by a routing table which registers a
communication node positioned in an immediately
lower layer of the hierarchical structure in
correspondence with the mobile station.



